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(57) Abstract 


The invention is directed to a device and method for delivering a therapeutic substance (64) to a bodily tissue in a minimally invasive 
manner. The device includes an elongate flexible tubular member (12) having a proximal end (14) and a distal end (16). A control lever 
(50) is provided for enabling the distal end (16) of the tubular member (12) to be controllably flexed in a transverse manner for positioning 
the distal end (16) of the tubular member (12) proximate to the bodily tissue to be treated. A hollow needle (62) is disposed at the distal 
end (16) of the tubular member (12) for delivering the therapeutic substance (64) into the bodily tissue. A marking device (78) is also 
included for indicating the location where an injection has been made in the tissue. This enables the surgeon to keep track of die areas 
in which injections are made so that the therapeutic substance (64) may be evenly distributed over a desired area of treatment. A method 
for using the device is also disclosed wherein a patient's lung (120) is partially collapsed to enable access to areas of the heart (128). The 
therapeutic substance (64) may be injected into the patient's myocardium (138) by passing the needle (62) directly through the patient's 
pericardium (126). The invention is particularly useful for treatment of ischemic heart disease by gene therapy. 
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MINIMALLY INVASIVE GENE THERAPY DELIVERY DEVICE AND METHOD 

DESCRIPTION 

TECHNICAL FIELD OF THE INVENTION 

This invention embodies a therapeutic medical device and a method of 
treatment In particular, the device is suitable for treating target tissue of a patient 
by injection of predetermined quantities of a substance into bodily tissue at 
successive locations within the patient's body. One particular application to which 
this invention may be applied is the delivery of therapeutic substances to the heart 
to induce angiogenesis for improving blood flow in heart tissue. 

BACKGROUND ART 

Despite the recent advances in the treatment of ischemic heart disease, 
there still exist a significant number of patients for whom conventional therapies 
such as angioplasty and coronary bypass surgery are not feasible options. In 
particular, alternative therapies are required for patients in a number of 
circumstances. For example, patients with diffuse small vessel coronary artery 
disease can not be treated by conventional coronary bypass surgery because of the 
small size and large number of diseased vessel segments. In other patients, re- 
occlusion of a diseased vessel may occur despite multiple angioplastic procedures 
or bypass surgeries. Accordingly, the need exists for alternative intervention 
methods. 

One promising alternative treatment for ischemic heart disease is the 
delivery of angiogenesis-promoting substances to the heart tissue to induce 
angiogenesis. Angiogenesis is a complex biological process that results in the 
growth of new blood vessels within tissue. Angiogenesis is an essential process 
common to several normal and pathologic conditions including embryoiogic 
development, wound healing, development of neoplasms, and the like 

Angiogenesis has also been induced in heart tissue for re-perfusion of tissue 
compromised by myocardial ischemia. Several growth factors have been identified 
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and are intimately involved in initiating and promoting angiogenesis in tissue within 
a living body. These growth factors are typically proteins which stimulate 
endothelial cell reproduction in the target tissue. The tissue must be exposed to the 
growth factors for a period of time, i.e., a number of days. In addition, the growth 
factor should be limited to the target tissue so that angiogenesis is not induced in 
sensitive non-diseased organs, such as the retina, or in occult tumors. 

The growth factor may be delivered to the target tissue through the use of 
indwelling catheters over a period of time. However, a preferred method of 
delivering the growth factor is in the form of gene transfer by a replication deficient 
adenoviral vector. Under this method, a quantity of adenovirus having the desired 
genetic component is delivered to the treatment area by injection in solution. 

In the past, an open-chest procedure has been used to deliver the treatment 
solution. According to this procedure, the patient's chest is opened surgically to 
expose the heart. The solution containing the adenovirus is then delivered to the 
heart tissue by using a syringe to make a number of injections in a grid-like pattern, 
with the surgeon keeping track of the location of each injection. Once injected, the 
adenovirus causes the cells in the target tissue to express the desired growth factor 
protein, and this protein expression from the treated cells will continue for the 
desired period of time. Previous studies have shown the feasibility and efficacy of 
safe, sustained, and localized expression of angiogenesis-promoting growth factors 
utilizing adenoviral-mediated gene transfer therapy. 

It is desirable, however, to be able to provide the above-described therapy 
without the necessity of performing open-chest surgery on the patient. Accordingly, 
the present invention sets forth an apparatus and method for providing gene 
therapy treatment to the heart or other internal organs in a minimally invasive 
manner. The present invention also provides an apparatus and method for 
delivering angiogenesis-promoting substances to an area of diseased tissue with 
greater ease and efficiency, and with reduced trauma and recovery time for the 
patient. Accordingly, the subject invention could be potentially helpful to hundreds 
of thousands of patients with severe ischemic heart disease who are not candidates 
for surgical bypass or balloon angioplasty. 
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DISCLOSURE OF THE INVENTION 

The present invention embodies a novel, minimally invasive injection 
apparatus and method. The invention is useful, for example, in gene transfer 
therapy for injecting an angiogenesis-promoting factor into living tissue, such as into 
the myocardium. The injection device includes an elongate flexible tubular body 
having a proximal end and a distal end. A hollow needle is mounted on the distal 
end of the tubular body. The needle is capable of penetrating the target tissue for 
delivering a therapeutic substance to the tissue. 

In addition, a marking means is mounted on a platen on the distal end of the 
tubular member. When the therapeutic substance is delivered to the bodily tissue, 
the marking means leaves a discernable mark on the target tissue so that the 
surgeon may keep track of which areas of tissue have been treated by viewing 
through an endoscope, or by other means. The platen and needle are fixed relative 
to each other so that the platen, by contacting the tissue surface, ensures that the 
needle penetrates the target tissue to the same depth with each injection. 

A control means may also be included with the device for controllably 
positioning the distal end of the tubular member to facilitate proper positioning and 
insertion of the needle. Furthermore, a metering means may also be included for 
controlling the amount of therapeutic substance injected at each successive 
injection site. 

Under the method of the invention, a therapeutic substance may be injected 
into living tissue successively at a plurality of locations inside the body in a 
minimally invasive manner. The injections may be made for a variety of purposes 
in a variety of bodily tissues. However, the present invention is especially suitable 
for delivering gene therapy to the heart. In particular, an angiogenesis-promoting 
factor may be introduced into myocardial territories in predetermined quantities at 
a plurality of points to induce the growth of bypass vessels which may allow the 
bridging of narrowed or occluded coronary vessels. The treatment may also be 
used to induce the growth of new vessels in myocardial territories poorly supplied 
by the native coronary vasculature. The treatment method may also be used to 
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deliver therapeutic substances to other bodily tissues in a minimally invasive 
manner. 

Under an additional method of the invention, a patients lung may be partially 
collapsed by the introduction of gas into the patient's thoracic cavity. This enlarges 
5 the working area for injection of the therapeutic substance and increases access 
to heart tissue. The delivery of the therapeutic substance to the myocardium may 
be made transpericardially, rather than from within the pericardium. An electrode 
may be located on the distal end of the hollow needle, and connected to an ECG, 
for determining when the needle has penetrated the patient's myocardium. 
10 Penetration of the myocardium by the needle will show as a current injury on the 
ECG. Following delivery of the therapeutic substance by one or more injections in 
„ the manner described above, a plurality of percardiotomies are formed in the 
pericardium using a pericardiotomy device. This permits drainage of any pericardial 
effusions. This entire procedure may be performed with the patient conscious and 
1 5 without general anesthetic. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an enlarged cross section elevation view of the delivery device of 
the present invention. 

20 FIG. 2 illustrates an end view of the device of FIG. 1 as taken along line 2-2. 

FIG. 3 illustrates the delivery device of FIG. 1 with the distal portion flexed 
transversely. 

FIG. 4 illustrates the delivery device of FIG. 3 with the needle and marking 
platen extended. 

25 FIG. 5 illustrates the delivery device of FIG. 4 following injection of a portion 

of the therapeutic substance. 

FIG. 6 illustrates the delivery device of FIGS. 5 during injection of the 
therapeutic substance into tissue. 

FIG. 7 illustrates a typical injection pattern for delivery of a therapeutic 
30 substance to an area of tissue. 
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FIG. 8 illustrat s a cross section of a patient's thorax showing the 
introduction of a trocar to collapse a lung under a method of the invention. 

FIG. 9 illustrates a plan view of the a patient during performance of a method 
of the invention. 

FIG. 10 illustrates an enlarged view of the thorax of FIG. 9, showing delivery 
of a therapeutic substance. 

FIG. 1 1 illustrates the formation of percardiotomies under a method of the 
invention. 

BEST MODES FOR CARRYING OUT THE INVENTION 

The invention is directed to a method and apparatus for delivering 
therapeutic treatment to body tissues. The apparatus includes a delivery device 10, 
as illustrated in FIGS. 1 and 2, capable of injecting a therapeutic substance into 
bodily tissue through a minimally invasive method. Device 10 may be inserted 
through a thoracoscope port (not shown), giving thoracoscope access to the 
patient's heart or other tissue. The device may advantageously be used to inject 
a substance in a grid-like or other pattern so that by making successive injections 
of a predetermined quantity of substance having a predictable diffusion mobility, an 
entire area of tissue can be treated. 

Delivery device 10 includes an elongate flexible tubular member 12 having 
a proximal end 14 and a distal end 16. Tubular member 12 is constructed of a 
flexible material such as polyurethane, polyvinyl chloride, polyethylene, or other 
suitable flexible biocompatible materials. Tubular member 12 includes a lumen 18 
which passes from proximal end 14 to distal end 16, and which has a generally 
circular cross section. A cap 20 is mounted on the proximal end 14 of tubular 
member 12, and includes a circular hole 22 to allow passage of a syringe 24. 
Syringe 24 includes a cylindrical body having a plunger shaft 26 and a plunger 28 
slidably mounted therein. Plunger 28 is mounted on the distal end of plunger shaft 
26, and a plunger thumb button 30 is mounted on the proximal end of plunger shaft 
26. 
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Plunger shaft 26 may include screw thr ads or other gradations 29 formed 
along its length. A plunger stop 31 is movably mounted on plunger shaft 26 and 
positionable at a predetermined distance 33 from the proximal end 35 of syringe 24. 
Plunger stop 31 ensures that when plunger 28 is depressed, only a predetermined 
5 amount of therapeutic substance is dispensed from syringe 24. Following delivery 
of the substance, plunger stop 31 is reset by moving proximally back along plunger 
shaft 26 the predetermined distance 33. This may be accomplished by turning 
plunger stop 31 back along threads 29 or the like. Syringe 24 is thereby set to 
deliver the next predetermined dose of therapeutic substance at the next injection 

1 0 location. Other means for metering the amount of therapeutic substance delivered 
may also be used. For example, a ratchet mechanism (not shown) may be 
. incorporated into the syringe for enabling consistent delivery of successive constant 
amounts of therapeutic substance in an aliquot manner. The physician depresses 
plunger button 30 until the ratchet mechanism stops the forward motion at a 

1 5 predetermined distance. The ratchet mechanism would then reset to enable to the 
plunger to be depressed an additional predetermined distance, and so forth. 

A cylindrical support 32 is located within lumen 18 of tubular member 12. 
Cylindrical support 32 has a circular opening 34 therethrough for receiving and 
supporting syringe 24. Syringe 24 is able to slide axially within circular hole 22 in 

20 cap 20 and circular opening 34 in cylindrical support 32. A spring 36 is fixedly 
mounted concentrically on syringe 24 between cylindrical support 32 and an 
annular spring stop 38. Spring stop 38 is a disk-shaped member mounted on 
syringe 24, and is fixed to syringe 24 so that it moves axially as syringe 24 is moved 
axially. A second stop member 40 is fixedly mounted on syringe 24 proximal of cap 

25 20. Second stop member 40 is also a disk-shaped member which is fixed to the 
exterior of syringe 24. Second stop member 40 prevents syringe 24 from being 
advanced too far into tubular body 12, when syringe 24 is moved axially in the distal 
direction relative to tubular body 12. 

A control lever 50 is mounted on the side of tubular body 12 for controlling 

30 the position of distal end 16 of tubular body 12. Control lever 50 is pivotally 
mounted to tubular body 1 2 at pivot point 51 , and is connected to a control wir 52 


WO 99/44656 


PCT/US99/03731 


which is connected to the distal end 16 of tubular body 12 in an offset manner. 
Control wire 52 may be retained within eyelets 54 located within lumen 1 8 of tubular 
body 12, or may be retained within a separate lumen (not shown), or by other 
means, as is known in the art. In addition, a wheel, dial, joystick, or other device 
5 may be used as a control means in place of control lever 50 for controlling the 
attitude of distal end 16. 

As illustrated in FIG. 3, when control lever 50 is pulled in the proximal 
direction, it may be seen that control wire 52 will pull on the distal end 16 of tubular 
body 12. This causes tubular body 12 to bend or flex transversely so that distal end 

10 16 is disposed in an oblique direction relative to the major axis of tubular body 12. 
An adjustment mechanism (not shown) may be included for holding control lever 
50 in a particular desired position. In addition, other control devices may be 
substituted for lever 50, as is known in the art. For example, a threaded knob (not 
shown) may be used in place of lever 50, with the knob being turned in one 

15 direction to pull on control wire 52, and being turned in the other direction to release 
tension on control wire 52. 

A flexible tube 60 is connected to the distal end of syringe 24, in fluid 
communication with syringe 24. The distal end of flexible tube 60 is connected to 
a hollow needle 62 of the hypodermic type. A therapeutic substance 64 contained 

20 within syringe 24 may be expelled through needle 62 by pressing syringe plunger 
button 30. This forces the therapeutic substance from syringe 24, through flexible 
tube 60, and out the distal end of needle 62. 

To prevent needle 62 from accidentally penetrating non-target tissue during 
positioning of device 10, a cup 70 is mounted on the distal end 16 of tubular body 

25 12 to serve as a guard. Cup 70 is a hollow cylindrical member, and includes a wall 
having a distal edge 72 which extends at least as far as the tip of needle 62 when 
needle 62 is in the retracted position, as illustrated in FIGS. 1 and 3. Accordingly, 
as long as needle 62 is retracted, cup 70 will prevent needle 62 from contacting 
non-target areas during placement of device 10 within a patient. 

30 A cylindrical platen 76 is located within cup 70, and is conne ct ed to flexible 

tube 60 and needle 62. Platen 76 moves forward within cup 70 as needle 62 is 
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extended. Because jeedle 62 and platen 76 are fixed relative to each oth er, when 
needle 62 is inserted into target tissue 80, as illustrated in FIG. 6, platen 76 will 
contact the tissue surface and prevent further penetration by needle 62. This 
ensures that needle 62 may be inserted to a consistent depth at each successive 
5 injection site. Also, if the surface of target tissue 80 is curved, platen 76 will press 
against target tissue 80 and flatten out the curvature, thereby further assuring that 
needle 62 penetrates to a consistent depth. 

Platen 76 includes a marking device, such as a raised marking ring 78 on its 
distal outer side for making a discernable mark on the tissue surface when needle 

10 62 is inserted into the tissue. Marking ring 78 is a raised ring that concentrically 
encircles needle 62. Ring 78 may be constructed of an absorbent polymeric 
substance saturated with a visual dye, such as methylene blue. When ring 78 is 
pressed against tissue, ring 78 will leave a discernable ring-shaped mark on the 
tissue. The ring-shaped mark will indicate to the surgeon which area of tissue has 

15 already receive an injection of therapeutic substance 64. Alternative marking 
substances for use with the present invention may include contrast agents or 
fluoroscopic dyes which will allow the use of echocardiography or fluoroscopic 
viewing of dye markings and placement patterns. Alternative marking means, such 
as a raised pad, a square ring, a sprayer, or other devices may be used in place of 

20 ^a ring as marking device 78. 

/ As illustrated in FIG. 4, syringe 24 may be moved axially forward in the distal 

f direction relative to tubular body 1 2 to extend needle £2 and platen 76. Syringe 24 
\ is moved forward against the bias of spring 36, thereby compressing spring 36. As 
J syringe 24 is moved distally, flexible tube 60, needle 62 and platen 76 also move 
23> distally so that needle 62 and marking ring 78 extend beyond the distal edge 72 of 

cup 70. Second stop member 40 is fixed on syringe 24 in a location which ensures 

that when second stop member 40 comes into contact with cap 18, needle 62 and 
^ marking ring 78 are properly extended beyond the distal edge 72 of cup 70. 

Syringe 24 may be retained in the forward position by a latch (not shown), by the 
30 surgeon's hand, or by other means. Upon release of syringe 24, spring 36 will force 

syringe 24 back in the proximal direction, thereby retracting needl 62 and platen 
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76 back into cup 70. This enables needle 62 to properly retracted following each 
injection so that needleJ52j^ 

Flexible tube 60 is able to flex in the transverse direction, as illustrated in 
FIGS. 3-5, but has sufficient column strength so that as syringe 24 is moved 
forward, flexible tube 60 will push platen 76 and needle 62 distally so that needle 
62 is able to penetrate target tissue 80, as illustrated in FIG. 6. Suitable materials 
for use as flexible tube 60 include hypotube, polyvinyl chloride tube, or other 
sufficiently stiff biocompatible materials. In addition, to prevent tube 60 from 
buckling, the clearance between flexible tube 60 and the lumen wall 18 of tubular 
body 12 may be small enough so that lumen wall 18 will support flexible tube 60. 

As illustrated in FIG. 6, once needle 62 has penetrated the target tissue 80, 
marking ring 78 on platen 76 will come into contact with the surface of tissue 80. 
Then, as illustrated in FIG. 5, plunger thumb button 30 is depressed so that a 
quantity of therapeutic substance 64 is injected into tissue 80. Plunger stop 31 
contacts the proximal end 35 of syringe 24, thereby ensuring that a predetermined 
dose of therapeutic substance is delivered. Needle 62 is then withdrawn from 
target tissue 80, and marking ring 78 leaves a discernable mark on target tissue 80. 
The distal end of device 1 0 is then repositioned to the next target site for the next 
injection. In this manner, an area of tissue 80 may be treated with therapeutic 
substance 64 without overlap. A typical grid-like pattern for such treatment is 
illustrated in FIG. 7, showing a plurality of ring-shaped marks 82 formed on the 
surface of tissue 80 by marking ring 78 during successive injections. 

When determining the amount of solution to be expelled from needle 62, 
factors taken into consideration include the proximity of the injection sites to each 
other and the mobility of the solution within tissue 80. To simplify the process, the 
area covered by ring 78 is preferably the same as the estimated dispersion area of 
the predetermined injection quantity of therapeutic substance within the tissue. In 
addition, the amount of fluid delivered will vary in correspondence with the type of 
treatment being administered. Accordingly, the spacing of the injection sites, the 
volume of therapeutic substance to be delivered, the mobility of the therapeutic 
substance in tissue, the desired area of coverage, and the depth of delivery are all 
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factors which may be taken into account when determining the spacing of the 
injection pattern. The geometric pattern shown in FIG. 7 provides diffuse coverage 
with minimal overlap, and with minimal uncovered areas within the overall 
geometry. 

5 The distance which needle 62 extends beyond platen 76 may be adjusted 

from patient to patient and for particular uses by using needles of different length. 
One reason for controlling the depth of needle penetration when treating ischemic 
heart disease is to ensure that the needle tip is located sub-epicardially, e.g., at 
approximately 5 mm depth. Platen 76 ensures that the needle tip is always located 

10 at the same depth within the tissue during each injection. This ensures a more 
uniform delivery of the therapeutic substance over the entire treatment area. Of 
. course for some treatment purposes, differing amounts of fluid could be delivered 
to different areas of tissue by controlling the quantity of fluid dispensed from the 
syringe during each injection. 

15 Additional features of device 10 may include a fiber optic light source (not 

shown) located at the distal tip of device 10. The light source may emit from platen 
76, from the edge of cup 70, or from other locations. The light source would aid in 
visualization of the target tissue prior to injection, and also in visual perception of 
the ring-shaped markings 82 following injection and contact of the target tissue with 

20 marking ring 78. 

While it will be apparent that the particular dimensions of device 1 0 may vary 
for particular applications, the preferred embodiment of device 10 is between 12 
and 18 inches in overall length. The maximum diameter of the preferred 
embodiment is less than 12 mm for the portion of device 10 which is inserted into 

25 the patient. This enables device 10 to fit through a 12 or 15 mm thoracoscope 
port. 

The device of the subject invention may be used to inject a variety of fluids 
into tissue for a variety of therapeutic reasons. In one preferred method of the 
present invention, the delivery device is used to deliver an angiogenesis-promoting 
30 compound to a portion of the myocardial wall that is suffering from insufficient blood 
supply. The treatment may be used independently for promoting the growth of new 
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blood vessels, or may be used in conjunction with other procedures such as 
angioplasty, bypass surgery, transmyocardial revascularization, or the like. The 
device of the subject invention enables quick, precise, and effective delivery of 
controlled quantities of the angiogenesis-promoting substance over a desired 
5 coverage area with minimal overlap. 

Several growth factors have been identified and are intimately involved in 
initiating and promoting angiogenesis. Included in this family of angiogenic growth 
factors are acidic fibroblast growth factor ("aFGF'), basic fibroblast growth factor 
fbFGF"), and vascular endothelial growth factor ("VEGF"). VEGF in particular has 

10 been shown to be capable of promoting angiogenesis in several models of chronic 
ischemia, including ischemic myocardium in both porcine and canine experiments, 
. and also in the ischemic hind limbs of lab animals. 

A preferred method of delivering VEGF is in the form of cDNA or gene 
coding in a replication-deficient adenoviral ("Ad") vector. A quantity of adenovirus 

15 carrying the desired genetic component is delivered to the treatment area by 
injection in solution. Previous studies have shown the feasibility and efficacy of 
safe, sustained, and localized expression of VEGF utilizing adenoviral mediated 
gene transfer therapy. 

Thus, under one aspect of the present invention, a predetermined quantity 

20 of angiogenesis-promoting factor is loaded into syringe 24, and plunger stop 31 is 
set at a predetermined distance 33 for dispensing 0.1 cc of the angiogenesis- 
promoting factor. The patient's heart is accessed via a thoracotomy incision of 7 
cm or less, or, in a thoracoscope approach, via a 1 5 mm port. Additional ports may 
be used to provide visualization and manipulation of tissue. A pericardial incision 

25 is formed, and stay sutures are em placed. With the heart appropriately positioned, 
using retracting devices or the like, cup 70 of device 10 is placed adjacent to the 
myocardial wall. Needle 62 is then extended to penetrate the target tissue until ring 
78 contacts the tissue. Plunger 28 is then depressed until plunger stop 31 contacts 
the proximal end 35 of syringe 24 to deliver the angiogenesis-promoting factor to 

30 the ischemic myocardial tissue in the manner described above. Needle 62 is then 
withdrawn and r positioned at the next target site. Plunger stop 31 is moved back 
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along plunger rod 26 a predetermined distance 33 for dispensing a second dose 
of the angiogenesis-promoting substance. 

Additional areas of tissue are injected until the entire target area has been 
treated. A typical procedure may comprise 10 injections of 0.1 cc each for a total 
of 1 .0 cc of angiogenesis-promoting substance being delivered over a 1 0 cm 2 area. 
Of course, specific amounts of substance delivered, and the area covered will be 
dictated by the specific treatment being implemented, and the above specifics are 
not intended to be limiting and are only given for describing the preferred best 
mode of treatment. 

Following injection into the tissue, the angiogenesis-promoting factor initiates 
the complex process of angiogenesis in the treated tissue, thereby inducing the 
growth of new blood vessels. This treatment is of benefit to heart tissue in which 
the existing blood vessels are clogged or narrowed, and is also of benefit to heart 
tissue which is poorly supplied by the native coronary vasculature for congenital 
reasons. 

Under an additional method of use for the present invention, a patient's lung 
may be partially collapsed to provide greater access to heart tissue. This advances 
one of the primary goals of the invention, which is to deliver a gene therapy 
substance to a patient in a highly non-invasive manner. Thus, the invention may 
be used by making only small incisions in a patient's chest, and may be performed 
without general anesthesia. Normally, any operation having an open 
communication with the thoracic cavity will result in the collapse of the lungs 
because of loss of negative intrathoracic pressure that allows the lungs to remain 
expanded by external atmospheric pressure. An opening into the thoracic space 
results in an equalization of atmospheric pressure with the pressure inside the 
thoracic cavity, leaving the lungs unsupported. Conventional thoracic surgery 
utilizes general anesthesia, tracheal intubation, and positive pressure ventilation to 
allow lung inflation and ventilation when the thoracic cavity is opened. More 
recently, a double-lumen endotracheal tube has been used which isolates the two 
lungs, enabling one lung to be ventilated while the other lung is collapsed to enable 
it to be operated on. 
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The requirements for accessing the pericardium or myocardium to deliver 
therapeutic substance 64 is to have a sufficiently large operating field or "window" 
in the thoracic cavity to allow visualization of instrumented manipulation of the 
pericardium while maintaining normal ventilation and without using general 
5 anesthesia. While patients can tolerate complete collapse of one lung for short 
periods of time, complete collapse of a lung for extended periods of time is 
potentially discomforting and possibly dangerous. The goal therefore is to provide 
some working space within the thoracic cavity while maintaining normal negative 
pressure ventilation, and, thus, a sealed chest wall. 

10 The approach of the present invention accomplishes this by mimicking the 

normal pathophysiology of partial pneumothorax. A patient's lung is partially 
-collapsed by introducing air or other gas into the thoracic space. Instrumentation 
is then introduced via airtight ports and transpericardial delivery of the therapeutic 
substance is performed. The advantage of this approach is that the partial lung 

15 collapse provides space in the thoracic cavity in which to access the heart tissue, 
while avoiding the problem of having to manipulate instruments around a fully 
expanded lung during the therapeutic procedure. With the chest wall sealed, the 
partially expanded portion of the lung will be ventilated according to normal chest 
wall dynamics, thus avoiding the deleterious effects of total lung collapse. 

20 In practice, as illustrated in FIG. 8, a local anesthetic is administered to the 

patient and a trocar 1 1 2 is introduced into the chest wall at approximately the sixth 
intercostal space in the anterior axillary line. Trocar 112 is of a conventional 
design, and has a self-sealing membrane (not shown) that can be kept airtight, but 
which will also permit passage of instruments, such as an endoscopic camera, 

25 retractors, delivery device 10, or the like. 

Once the trocar 112 is in place, approximately 1500 ml of C0 2 gas is 
introduced into the thoracic cavity 114 of the patient through the seal of trocar 112. 
The gas is delivered from a gas supply 1 1 6 though a delivery line 1 1 8 to trocar 112. 
The introduction of the gas into the patient's thoracic cavity 1 14 partially collapses 

30 one of the patient's lungs 120. During the procedure, the patient is kept in a slightly 
head-down position to allow accumulation of the gas at the lower portion of the 
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thoracic cavity 114, which is generally the desired work space. Following 
introduction of the gas, gas delivery line 118 is removed, and a conventional 
endoscopic camera 124 is introduced through trocar 112, as illustrated in FIG. 9. 
Endoscopic camera 124 is used to visualize the pericardium 126 of the patient's 
5 heart 128, and the surrounding work space. 

A second self-sealing trocar 130 is then introduced through the patient's 
chest to also access the patients thoracic cavity 1 14. A conventional thoracoscope 
lung retractor 134 is then introduced through second trocar 130, and is used to 
further retract the collapsed portion of lung 120 away from the heart 128. Retractor 

10 130 may be the grasping type of retractor illustrated, or may be a mechanically 
expandable retractor, an inflatable retractor, or other type of retractor known in the 
art. A third self-sealing trocar 136 is then introduced to also access the patient's 
thoracic cavity 114. The delivery device 1 0 of the present invention may then be 
introduced through third trocar 136 to deliver therapeutic substance 64 to the 

15 myocardium 138 of the patient's heart 128. 

Advantageously, the delivery of therapeutic substance 64 may take place by 
injection directly through the pericardium 126. This is preferred because a large 
number of patients who are eligible for the procedure may have already had 
previous open heart surgery. Accordingly, the pericardium of these patients may 

20 be ablated with scar tissue. Thus, transpericardial delivery of therapeutic 
substance 64 is more easily accomplished than delivering the injections from within 
the pericardium 126. 

However, as illustrated in FIG. 10, when using transpericardial delivery, a 
means to determine when myocardial penetration has occurred is desirable for 

25 ensuring proper delivery of therapeutic substance 64. One such means is the 
inclusion of an electrode 144 at the tip of hollow needle 62. Electrode 144 may be 
insulated from needle 62, and located on the tip thereof, or needle 62 itself may 
serve as electrode 144 if needle 62 is made of a conductive substance. Electrical 
connection of this electrode 144 to an electrocardiograph ("ECG") 146 is made by 

30 running an electrical connector 148 along the interior length of tubular body 12 to 
an ECG 146 located outside the patient's body. Standard surface ECG leads 1 50 
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are applied to the patient as w II. When electrode 144 enters th patient's 
myocardium 138, this event shows up as a current injury on ECG 146. 

Accordingly, delivery device 10 is manipulated around the pericardial 
surface, in the manner described above, by manipulating control lever 50. A series 
5 of injections are made, with the location of each injection being marked on 
pericardium 126 by marking ring 78. Eventually the entire intended area of 
treatment is traversed, and delivery device 10 is withdrawn through third self- 
sealing trocar 136. As illustrated in FIG. 11, a pericardiotomy device 160 is then 
introduced through third trocar 136. Pericardiotomy device 160 may be any of a 

1 0 number of conventional laparoscopic cutting devices capable of forming openings 
in pericardium 126. Pericardiotomy device 160 is used to form a series of 
pericardiotomies in pericardium 126 to allow drainage of potential pericardial 
effusions. Such effusions may be a side effect of the VEGF gene present in 
therapeutic substance 64. Following this procedure, pericardiotomy device 160, 

15 endoscope 124, and retractor 134 are withdrawn from trocars 1 12, 1 36, and 130, 
respectively. Trocars 112, 130, 136 are withdrawn in the reverse sequence of 
insertion. The gas is suctioned from the thoracic cavity prior to withdrawal of the 
final trocar. The patient is asked to take a deep breath as the last trocar is 
removed, and the trocar incision is sealed using purse string sutures. 

20 Thus, the present invention sets forth a method and apparatus for delivering 

predetermined quantities of therapeutic substance to biological tissue successively 
at a plurality locations to achieve therapeutic treatment over a desired area of 
tissue quickly and accurately. Other uses and benefits of the disclosed present 
invention will be apparent to those skilled in the art. Therefore, while preferred 

25 embodiments of the invention have been described herein, it will be recognized that 
a variety of changes and modifications may be made without departing from the 
spirit of the subject invention, the scope of which is set forth in the following claims. 
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CLAIMS 

1 . A device for delivering a therapeutic substance to bodily tissue, said 
device comprising: 

an elongate flexible tubular member having a proximal end and a 

5 distal end; 

a hollow needle mounted on said distal end of said tubular member, 
said needle being capable of penetrating the bodily tissue for delivering a 
therapeutic substance to the tissue; and 

a marking device mounted on the distal end of said tubular member 
10 whereby said marking device leaves a discernable indication when the therapeutic 
substance has been delivered to the bodily tissue. 

2. The device of claim 1 wherein said marking device includes a platen, 
said needle being mounted on said platen, said platen including a marking ring 
thereon, whereby when said needle penetrates the bodily tissue, said marking ring 

15 will contact the surface of the tissue for creating a discernable mark thereon. 

3. The device of claim 2 wherein said marking ring includes an 
absorbent material saturated with a dye. 

4. The device of claim 1 further including a control means mounted near 
said proximal end of said tubular body, said control means being capable of 

20 causing the distal portion of said tubular body to flex transversely for controllably 
positioning said needle. 

5. The device of claim 1 further including an electrode located at said 
distal end for providing an electrical indication when said needle has penetrated the 
targeted bodily tissue. 

25 6. The device of claim 1 further including a cup mounted on said distal 

end of said tubular body, said needle and said marking means being maintainable 
in a retracted position in said cup during positioning of said needle relative to the 
bodily tissue, said needle and said marking means being subsequently extendable 
from said cup when said needle is intended to penetrate the bodily tissue. 

30 7. The device of claim 6 further including a syringe for containing the 

therapeutic substance, and a flexible tube, said syringe being in fluid 
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communication with said needle through said flexible tube, said syringe being 
movable relative to said tubular body for extending said needle and said marking 
means. 

8. A device for delivering a therapeutic substance to a bodily tissue, said 
device comprising: 

an elongate flexible tubular member, said tubular member having a 
proximal end and a distal end; 

a control means for enabling said distal end of said tubular member 
to be controllably flexed in a transverse manner for positioning said distal end of 
said tubular member proximate to the bodily tissue; 

a hollow needle disposed at said distal end of said tubular member 
for delivering the therapeutic substance into the bodily tissue; and 

a marking means for indicating when a injection has been made in the 

tissue. 

9. The device of claim 8 wherein said marking means includes a platen, 
said needle being mounted on said platen, said platen including a marking ring 
thereon, whereby when said needle penetrates the bodily tissue, said marking ring 
will contact the surface of the tissue for creating a discemable mark thereon. 

10. The device of claim 9 wherein said marking ring includes an 
absorbent material saturated with a dye. 

1 1 . The device of claim 8 in which said control means includes wire 
connecting a control lever at said proximal end to said distal end of said tubular 
body. 

12. The device of claim 8 further including a cup mounted on said distal 
end of said tubular body, said needle and said marking means being maintainable 
in a retracted position in said cup during positioning of said needle relative to the 
bodily tissue, said needle and said marking means being subsequently extendable 
from said cup when said needle is intended to penetrate the bodily tissue. 

13. The device of claim 12 further including a syringe for containing the 
therapeutic substance, and a flexible tube, said syringe being in fluid 
communication with said needle through said flexible tube, said syringe being 
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movable relative to said tubular body for extending said needle and said marking 
means. 

14. A method of delivering a therapeutic substance to an area of bodily 
tissue within the body of a patient, said method comprising: 

providing an elongate tubular body having a proximal end and a distal 
end, said tubular body having a needle disposed at said distal end; 

inserting said tubular body into the patient's body; 

positioning said distal end and said needle proximate to the bodily 
tissue to be treated; 

penetrating said bodily tissue with said needle; 

injecting said therapeutic substance; and 

marking said tissue to indicate the location of the injection. 

1 5. The method of claim 14 further including the step of repositioning said 
distal end and said needle proximate to the bodily tissue in a location adjacent to 
the first injection site for making successive injections. 

16. The method of claim 15 wherein said therapeutic substance is an 
angiogenesis-promoting substance. 

1 7. The method of claim 14 in which said tubular body is inserted into the 
patient through a port inserted into an incision in the patient's body. 

1 8. The method of claim 14 in which said needle is retained in a retracted 
position during positioning of said needle relative to the bodily tissue, and said 
needle is then extended to penetrate the tissue. 

19. The method of claim 14 in which the therapeutic substance is retained 
within a syringe in fluid communication with said needle, said syringe having a 
plunger which is depressed to inject the therapeutic substance. 

20. The method of claim 14 wherein a platen is included for contacting the 
tissue during injection, said platen and said needle being fixed relative to each 
other, and said marking means comprises a raised ring located on the surface of 
said platen, whereby when said needle penetrates the tissue, said marking means 
and said platen contact the tissue surface for controlling the depth of penetration 
by said needle whtl also marking said tissue. 
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21 . The method of claim 14 further including the step of at least partially 
collapsing the patient's lung prior to insertion of said tubular body into the patient's 
body. 

22. A method of delivering a therapeutic substance to the heart tissue of 
5 a patient, said method comprising: 

at least partially collapsing one of the patient's lungs; 

inserting a delivery device into the patient's thoracic cavity through an 
opening in the patient's chest wall, said delivery device having a needle for injecting 
the therapeutic substance into the heart tissue; and 
10 delivering the therapeutic substance to the patient's heart by passing 

the needle through the patient's pericardium and into the heart tissue. 

23. The method of claim 22 further including the step of marking the 
location of said injection by marking the surface of the pericardium. 

24. The method of claim 22 further including the step of forming 
1 5 percardiotomies in said pericardium following delivery of the therapeutic substance. 

25. The method of claim 22 further including the step of introducing gas 
into the patient's thoracic cavity to facilitate the at least partial collapse of the 
patient's lung. 

26. The method of claim 22 further including the step of indicating when 
20 the heart tissue of the patient has been penetrated by providing an electrode which 

contacts the patient's heart tissue during injection, said electrode being in electrical 
connection with a device for indicating when the patient's heart tissue has been 
penetrated. 

25 
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